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The	
  PHENIX	
  Detector	
  
•  Philosophy	
  

–  high	
  resoluGon	
  &	
  high-­‐rate	
  at	
  
the	
  cost	
  of	
  acceptance	
  

–  trigger	
  for	
  rare	
  events	
  
•  Central	
  Arms	
  

–  |η|	
  <	
  0.35,	
  Δφ	
  ~	
  π	
  
– Momentum,	
  Energy,	
  PID	
  

•  Muon	
  Arms	
  
–  1.2	
  <	
  |η|	
  <	
  2.4	
  
– Momentum	
  (MuTr)	
  

•  Muon	
  Piston	
  Calorimeter	
  
–  3.1	
  <	
  |η|	
  <	
  3.9	
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η,π0 

µ	
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ΔG	
  	
  
DOUBLE	
  HELICITY	
  ALL	
  RESULTS	
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Probe	
 Advantage	


π0	
 StaGsGcs	


η	
  	
 Different	
  fragmentaGon	


π0	
  -­‐	
  π0	
  correlaGon	
 KinemaGc	
  constraint,	
  lower	
  x	


charged	
  π	
 ΔG	
  sign	


heavy	
  flavor	
  decay	
  e-­‐	
 Lower	
  x,	
  g-­‐g	
  dominant	


MPC	
  cluster	
 Lower	
  x	




ΔG	
  Measurement	
  at	
  PHENIX	
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Central	
  Arm	
  π0,	
  η	
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Phys.	
  Rev.	
  Le].	
  101,	
  072001(2008)	
  

(η	
  is	
  similar)	


p ProducGon	
  cross	
  secGon	
  is	
  high	
  
and	
  from	
  gluon	
  interacGon	
  

p PHENIX	
  EMCal	
  trigger	
  friendly	
  
p Found	
  in	
  2	
  photons	
  invariant	
  mass	


  RHIC data 
0.02<x<0.2	


FracGonal	
  ContribiGon	
  to	
  π0	
  
producGon	


[1]	




ALL	
  :	
  Central	
  Arm	
  π0,	
  η	
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ΔG	
  through	
  	
  
•  a	
  different	
  flavor	
  structure	
  
•  fragmentaGon	
  funcGon	


StaGsGcally	
  Challenging	
  

η	
  ALL	
π0	
  ALL	


StaGsGcally	
  enriched	
  
observable	
  
	
  
Need	
  to	
  control	
  SystemaGc	
  
uncertainGes	
  (relaGve	
  
luminosity)	




DSSV	
  InterpretaGon	
  of	
  	
  π0	
  	
  ALL
	


future RHIC running: !g - cont’d

!"#$%&!"
#$%&&"'()*"+!!",-$".*/01$%,&("2%$3"45+6""""""""""""""""""""""""""""
#$%&'()")&*(+,-."/&+(%"0-/1()"&2"34

'()*+,-./0.,123,4567,8)+9:,;<2<

=>>,?,@>>,ABC,DB2E,;/9DB2E,F/*+,;<2<,-/((,0*+2/+)B,2*,/GF8*HB,I+*-(B;'B,*J,K'

,,,,,,,,,,,,,,,,,,,,,,,,BLFB02M,GB<+/+'J)(,0*+328</+2,;*-+,2*,<N*)2,L,O>P>Q

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+*2,3)R0/B+2,2*,8B(/<N(S,;B2B8G/+B,/23,/+2B'8<(

!""#$%&'()

11	


p  Run5+Run6+Run9	
  Combined	
  data	
  constrain	
  ΔG	
  
p  Consistent	
  with	
  small	
  ALL,	
  but	
  sGll	
  compaGble	
  with	
  STAR	
  jet	
  
	
  	
  	
  	
  	
  	
  -­‐>	
  probes	
  somewhat	
  lower	
  values	
  of	
  x	
  

D.	
  De	
  Florian	
  et	
  al.	
  
Progress	
  in	
  ParGcle	
  and	
  Nuclear	
  
Physics	
  67	
  (2012)	
  251	




More	
  Challenging	
  A]empt	
  :	
  
	
  π0-­‐π0	
  correlaGon	
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Constrains	
  event	
  kinema@cs	
  further	
  

Cost	
  Sta@s@cs,	
  need	
  high	
  P4L	
  

Invariant	
  m
ass	
  [GeV]	




Preliminary	
  
Charged	
  pion	
  ALL	


q pT	
  range	
  of	
  this	
  analysis	
  covers	
  <xg>~0.1	
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q  π±	
  charge	
  asymmetry	
  is	
  
	
  	
  	
  	
  sensiGve	
  to	
  sign	
  of	
  Δg(x,	
  Q2)	
  	
  :	
  

Ø  Du
π+	
  >Du

π0	
  >Du
π-­‐	
  ,	
  Δu>0	
  

Ø  Dd
π+	
  <Dd

π0	
  <Dd
π-­‐	
  ,	
  Δd<0	
  

	
   	
  For	
  posiGve	
  Δg	
  :	
  	
  	
  
	
   	
  Aπ+	
  LL	
  >Aπ0	
  LL	
  >Aπ-­‐	
  LL	
  



Heavy	
  Flavor	
  Decay	
  
Electrons	
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arXiv	
  :	
  0911.2146	
  

Subprocess	
  frac@on	
  at	
  NLO	
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ΔG	
  ExtracGon	
  from	
  ALL
HFe	


q  Open	
  charm	
  producGon	
  dominates	
  in	
  
pT	
  range	
  of	
  0.50	
  <	
  pT	
  <	
  1.25	
  GeV/c	
  	
  
	
  (J/ψ	
  <2%,	
  b	
  quark<5%)	
  	
  

q  |∆g/g(⟨logx⟩,µ)|2	
  <3	
  ×10	
  −2	
  (1σ)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (	
  0.01	
  ~	
  x	
  ~	
  0.08)	
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q  This	
  results	
  largely	
  benefited	
  from	
  using	
  
HBD	
  in	
  eliminaGng	
  photo-­‐conversion	
  and	
  
Dalitz	
  decay	
  background.	
  

q  Decay	
  electrons	
  include	
  J/ψ	
  ,	
  bo]om	
  
producGon	
  and	
  other	
  vector	
  meson	
  as	
  
well	
  as	
  open	
  charm	
  contribuGons.	
  	
  

arXiv:1209.3278	
   Submi]ed	
  to	
  PRD	




Exploring	
  Lower-­‐x	
  by	
  Forward	
  MPC	
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Muon	
  Piston	
  Calorimeter	
  	
  
3.1<|η|<3.9	
  
•  Low	
  PT	
  Reconstructed	
  π0	
  	
  
•  High	
  PT	
  Merged	
  π0	
  

	
  
cluster	




pT	
  (GeV/c)	
  	
  	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3	
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Dominated	
  by	
  π0	


•  SGll	
  consistent	
  with	
  zero	
  at	
  lower	
  x	
  
•  SystemaGc	
  error	
  starts	
  to	
  defeat	
  

staGsGcs	
  
•  Good	
  control	
  of	
  relaGve	
  luminosity	
  

required	
  for	
  be]er	
  precision	


Cluster	
  ALL	




SEA	
  QUARK	
  POLARIZATION	
  
PRELIMINARY	
  AL

W
	
  FROM	
  RUN11	
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Probe	
 Rapidity	
 Advantage	


W-­‐>e	
 central	
 Good	
  S/N	


W-­‐>µ	
 forward	
 Enhanced	
  sea	
  quark	




sqrt(s)=500	
  GeV	
  @	
  RHIC	
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Run11	
  Central	
  Arm	
  W-­‐>e	
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Measurement

Triggering and Isolation

High energy triggering in the EMCal

(we are fully efficient at 10 GeV)

Matching between the EMCal clusters

and the DC (for charge determination)

We use a relative isolation cut as our

main background reducer (energy in a

cone of R = 0.4 divided by the energy

of the candidate electron/positron)

Ciprian Gal (Stony Brook University) PHENIX W→ e measurements Sep 18th, 2012 8 / 17

Measurement

The enemy

Reducible Backgrounds

π, η → γγ, or direct photon, followed by

conversions to e±

Cosmic rays

Beam related backgrounds

Irreducible Backgrounds (pass cuts)

Z → e+ + e−

Other W decays (W → τ + ντ → e + νe ν̄τντ )
(very small)

charm, bottom decays to e± + X (very small)

Ciprian Gal (Stony Brook University) PHENIX W→ e measurements Sep 18th, 2012 7 / 17

Backgrounds	
  could	
  be	
  miGgated	
  
by	
  relaGve	
  isolaGon	
  cut	
  

Introduction

Current Status

In Run 2009 both PHENIX [1] and

STAR [2] proved the feasibility of W

measurements at central rapidities using

the W± → e± + X decay channel

Since then PHENIX has accumulated

≈46 pb−1
(Run 2011 and Run 2012)

Polarization values for both beams have

increased from ≈40% to ≈51%

Ciprian Gal (Stony Brook University) PHENIX W→ e measurements Sep 18th, 2012 4 / 17

Run9	
  PRL106,062001	
  (2011)	


Signal	
  electron	
  :	
  
•  	
  High	
  momentum	
  electron	
  
•  	
  Isolated	
  	




Single	
  Electron	
  
PT	
  Spectra	
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Ba
ck
gr
ou
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  D
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in
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Si
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  +
	
  B
ac
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ro
un

d	


Signal	


Background	


•  Power	
  Law	
  CounGng	
  
Background	
  Shape	
  Fixed	
  in	
  
10<PT<20	
  GeV/c	
  	
  

•  Jacobian	
  Peak	
  (PYTHIA+GEANT)	
  
+	
  Power	
  Low	
  Background	
  Fi}ng	
  

•  ResulGng	
  Background	
  
contaminaGon	
  14	
  ~	
  17%.	


Run11	




Central	
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Phys.	
  Rev.	
  Le].	
  106,	
  062001	
  (2011)	
  	
  	
  Run9	


þ  Consistent	
  With	
  Run9	
  Results	
  
þ  Consistent	
  with	
  Global	
  Analyses	
  PredicGons	
  within	
  2σ	





Forward	
  W-­‐>	
  µ	
  Analysis	
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Single	
  Muon	
  PT	
  Spectra	


26	


þ Efficiency	
  correcGons	
  
þ W/Z	
  cross	
  secGon	
  employed	
  

RHICBOS	
  NLO	
  
þ S/B	
  esGmaGon	
  from	
  fixed	
  W/Z	
  

cross	
  secGon	
  (RHICBOS	
  NLO)	
  	
  	


Hideyuki Oide Sep 18, 2012 (Tue) SPIN 2012, Dubna
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Single Muon Spectrum
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Corrections:
- “SG1xMuIDxBBC” trigger efficiency correction
- Reconstruction x Acceptance correction
- RPC efficiency correction
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S/BG was extracted with assuming the 
W/Z cross section predicted by
RHICBOS NLO calculation.

S/BG North South
µ+
µ-

0.21 0.40
0.42 0.33

Factor [x0.5 - x2.0] range, as a 
conservative uncertainty of the S/BG

S/BG for muons in 18 - 60 GeV/c range
with optimized statistical FOM:
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  esGmaGon	
  in	
  
data	
  driven	
  manner	
  

¨  ResoluGon	
  Improvement	
  for	
  
be]er	
  S/N	
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More	
  to	
  come!	
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 Run12	
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First	
  Forward	
  W	
  
Asymmetry	
  Results!	
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Goal	
  :	
  250	
  pb-­‐1	
  on	
  tape	
  (-­‐30<zvtx<30cm)	
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  Performance	
  of	
  RHIC	


Delivered	
  Luminosity	
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  DY	
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Summary	

þ Presented	
  latest	
  ΔG	
  and	
  Δq	
  measurements	
  from	
  PHENIX	
  
þ High	
  staGsGcs	
  π0	
  provides	
  strict	
  limit	
  on	
  present	
  
knowledge	
  of	
  ΔG	
  

þ Different	
  probes	
  constrain	
  ΔG	
  from	
  various	
  angles	
  (purity,	
  
sign,	
  low-­‐x,	
  etc…)	
  

þ First	
  measurement	
  of	
  forward	
  W	
  AL.	
  Improving	
  our	
  
knowledge	
  on	
  Δq	
  in	
  conjuncGon	
  with	
  W-­‐>e	
  data.	
  

þ Higher	
  staGsGcs	
  and	
  smaller	
  systemaGc	
  in	
  future	
  
measurements	
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By S.Taneja et al (DIS2011) 
ala DSSV with slightly different uncertainty evaluation approach 

DSSV DSSV + PHENIX Run9 π0 ALL 

No node … 
UncertainGes	
  decreased A node at x~0.1 ?  



Charged	
  pion	
  Cross	
  SecGon	
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  Analysis	
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  Heavy	
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  Decay	
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HBD	
  	
  Signal	
  Occupancy	
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ΔG	
  ExtracGon	
  from	
  ALL
HFe	
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q  Open	
  charm	
  producGon	
  dominates	
  in	
  pT	
  
range	
  of	
  0.50	
  <	
  pT	
  <	
  1.25	
  GeV/c	
  (J/ψ	
  
<2%,	
  b	
  quark<5%)	
  	
  

q  pQCD	
  predicGon	
  for	
  ALL
open	
  charm	
  obtained	
  

from	
  CTEQ6M	
  PDFs	
  +	
  PYTHYA	
  +	
  LO	
  hard	
  
sca]ering	
  cross	
  secGon	
  	
  	
  

q ALL
open	
  charm	
  	
  ~|∆g/g(x,	
  µ)|2	
  

q |∆g(x,	
  µ)|	
  =	
  C	
  g(x,	
  µ)	
  is	
  
assumed	
  

q  	
  Results:	
  	
  
|∆g/g(⟨logx⟩,µ)|2	
  <3.3	
  ×10	
  −2	
  (1σ)	
  

and	
  10.9	
  ×10	
  −2	
  (3σ)	
  



Central	
  W	
  Analysis	


Measurement

Isolation cut reduces identified conversions

Before Isolation Cut After Isolation Cut

Using the relative isolation cut we can mitigate the identified VTX
effect

Ciprian Gal (Stony Brook University) PHENIX W→ e measurements Sep 18th, 2012 10 / 17
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Measurement

The VTX increases the conversion background

phiV is a variable that describes
the alignment between the plane
of the electron/positron pair
and magnetic field

The conversions lie at small
phiV (smaller than 0.15) and
small invariant mass of the
electron/positron pair

We can clearly see two
structures that represent the
VTX barrels (active area) and
electronic support structure of
the VTX
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